We present an analysis of the spatial orientations of galaxies in the 247 optically selected rich Abell clusters, having in the considered area at least 100 members. We investigated the relation between angles giving information about galaxy angular momenta and the number of members in each structure. The position angles of the galaxy major axes, as well as two angles describing the spatial orientation of galaxy plane were tested for isotropy, by applying three different statistical tests. It is found that the values of statistics increase with the amount of galaxies' members, which is equivalent to the existence of the relation between anisotropy and number of galaxies in cluster. The search for connection between the galaxies alignments and Bautz -Morgan morphological types of examined clusters gave weak dependence. The statistically marginal relation between velocity dispersion and cluster richness was observed. In addition, it was found that the velocity dispersion decreases with Bautz -Morgan type at almost 3σ level. These results show the dependence of alignments with respect to clusters' richness, which can be regarded as environmental effect.
Introduction
One of the most important aim of modern extragalactic astronomy and cosmology is to solve the problem of structure formation. There are many theories used to develop scenarios of structure formations (Peebles 1969; Zeldovich 1970; Sunyaew & Zeldovich 1972; Doroshkevich 1973; Shandarin 1974; Dekel 1985; Wesson 1982; Silk 1983; Bower 2005 ). In the commonly accepted ΛCDM model, the Universe deems to be spatially flat, as well as homogeneous and isotropic at appropriate scale. However, the dimension of this scale is changing with the growth of our knowledge of the Universe. In this model the structure were formed from the primordial adiabatic, nearly scale invariant Gaussian random fluctuations (Silk 1968; Peebles & Yu 1970; Sunyaew & Zeldovich 1970 ). This picture is in agreement with both the numerous numerical simulations (Springel 2005; van de Weygaert & Bond 2008a,b) and the observations. The crucial goal is to determine the discrimination among different models of galaxy formation. An investigation of the orientation of galaxies in clusters is regarded as a standard test of theories of galaxy and large scale structure formation. Thus, theories of the galaxy formation make predictions regarding to the angular momenta of galaxies (Peebles 1969; Doroshkevich 1973; Shandarin 1974; Silk 1983; Catelan & Theuns 1996; Li 1998; Lee 2000 Lee , 2001 Lee , 2002 Navarro 2004; Trujillio et al. 2006 ). This parameter is known for certain for only very few galaxies in structures. Therefore, instead of the angular momenta, the orientation of galaxies pertinent to each cluster is investigated. In order to acquire this, either the distribution of galaxy position angles only or the orientation of galaxy planes were examined.
An interesting problem emerges in the case of dependence on the alignment to the mass of the structure. Godlowski et al. (2005) suggested that alignment of galaxies in cluster should increase with the number of objects in particular cluster. There is no clear empirical evidence that galaxy groups and clusters rotate (see e.g. Hwang & Lee (2007) ) -4 -. Thus, it can be accepted that the total angular momentum of galaxy structure is mainly connected with the galaxies' spins. Moreover, stronger alignment suggests greater total angular momentum of galactic groups or clusters.
The study of galaxy orientation, which substitutes the investigation of the galaxy's spin distribution, yields different results. Nevertheless, it is clear that in isolated Abell clusters of galaxies only the dominant brightest cluster members exhibit the sign of alignment (Flin & Olowin 1991; Trevese et al. 1992; Kim 2001; Panko et al. 2009 ). However, very rich galaxy clusters, such as A754 (Godlowski 1998), A14 (Baier, God lowski & MacGillivray 2003) or A1656 (Djorgovski 1983; Wu 1997 Wu , 1998 have shown non-random distribution of galaxies. Godlowski et al. (2005) suggestion that alignment should increase with richness of the cluster was already confirmed by Aryal (2007) (based on the series of paper (Aryal 2004 (Aryal , 2005 (Aryal , 2006 ). They analyzed totally 32 clusters of different richness and BM types, founding that alignment is changing with the richness as well as BM type of the clusters. However, both Godlowski et al. (2005) and Aryal (2007) analysis was qualitative only. Our aim is to test this hypothesis both qualitatively and quantitatively. Therefore we decided to examine if alignment of galaxies in clusters depends on the number of their constitutive members and the BM types using statistical tests. Plionis et al. (2003) suggested that galaxy alignment in cluster depends on the velocity dispersion of member galaxies. In order to verify this finding we also analyzed correlation between alignment and velocity dispersion.
The present paper is organized in standard manner. Section 2 describes our optical data, section 3 presents the statistical method used in our analysis. Section 4 is devoted to our results and their discussion, while section 5 contains conclusions which ends the paper.
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Observational data
Our paper is based on the analysis of structures taken from PF catalogue (Panko 2006 ). The structures were extracted from the Muenster Red Sky Survey (MRSS hereafter) (MRSS 2003) . MRSS is optical large scale survey covering an area of 5000 square degrees in the southern hemisphere. After scanning 217 ESO plates, it gives the information about 5,5 million galaxies. PF catalogue, like MRSS, is statistically complete till magnitude value m = 18 m .3 and it contains structures having at least ten members in a magnitude range between m 3 and m 3 + 3, where m 3 is the magnitude of the third brightest galaxy located in the considered structure region. The catalogue contains hints about each structure.
Structures were found involving the Voronoi tessellation technique, which was in detail described in our previous paper (Panko et al. 2009 ). The galaxy membership was ascribed to cluster during construction of the PF Catalogue. We are disposing the information which galaxy belongs to a given structure. The data for each galaxy member were taken from the MRSS. These includes: the equatorial coordinates of galaxies(α, δ), the diameters of major and minor axes of the galaxy image (a and b respectively) and the position angle of the major axis, p. In the present paper we selected rich clusters having at least 100 members and being identified with one of ACO clusters (Abell et al. 1989) , which gave us the Bautz-Morgan morphological types (BM types). There are 239 such objects in the PF catalogue. Moreover, 9 objects can be identified with two ACO clusters. We have also taken them into account, which increased our sample to 248 objects. However, we excluded from our analysis A3822, which potentially has substructures (Biviano et al. 1997 (Biviano et al. , 2002 .
Therefore, our sample has 247 objects.
Data dealing to velocity dispersion of galaxies were taken from the literature. We found such clues for 97 clusters (Alonso et al. 1999; De Propris et al. 2002; Fadda et al. 1996; Mazure et al. 1996; Muriel et al. 2002; Struble & Rood 1999 ).
-6 -We had two samples of data. In the first sample all galaxies lying in the region regarded as cluster were taken into account. In the second sample only galaxies brighter than m 3 + 3 were considered. The second sample should contain purely cluster members.
The method of investigation
Historically, two main methods for studying galaxy orientation were proposed. In the first one (Hawley & Peebles 1975 ) the analysis of the distribution of the observed position angle of the galactic image major axis was carried out. In this approach the face-on and nearly face-on galaxies were excluded from the analysis. The second approach allowed us to use the face-on galaxies as well. This method, based on the de-projection of the galaxy images, was originally proposed by Oepik (1970) , applied by Jaaniste & Saar (1978) and significantly modified by Flin & God lowski (1986); God lowski (1993 God lowski ( , 1994 . In this method not only the distribution of galactic position angles p is being analyzed, but also another important parameter -the galaxy's inclination with respect to the observer's line of sight i is being considered. Two possible orientations of the galaxy plane were determined, which gave two possible directions perpendicular to the galaxy plane. It is expected that one of these normals corresponds to the direction of galactic rotation axis. Any study of galactic orientation based on the projection of galaxies on the celestial sphere gives a four-fold ambiguity in the solution for angular momentum. By the reason of none information connected with the direction of the galaxy spin our analysis is reduced to only two solutions.
The inclination angle was calculated according to the formula:
, where observed axial ratio q = b/a and q 0 is "true" axial ratio. Formula mentioned above is valid for oblate spheroids (Holmberg 1946) . Because of the lack of information about morphological types of galaxies in MRSS catalogue we used standard value q 0 = 0.2.
-7 -For each galaxy, two angles are determined: δ D -the angle between the normal to the galaxy plane and the main plane of the coordinate system, and η -the angle between the projection of this normal onto the main plane and the direction towards the zero initial meridian. Using the equatorial coordinate system, the following relations hold between angles (α, δ, p) and (δ D , η)
where r = p − π/2.
As a result of the reduction of our analysis into two solutions it is necessary to consider the sign of the expression: S = − cos i cos δ ∓ sin i cos r sin δ and for S ≥ 0 reverse sign of δ D , respectively. 1 Separately we repeat all calculations using supergalactic coordinate system (Hawley & Peebles 1975) .
In order to detect non-random efects in the distribution of the investigated angles:
δ D , η and p we carried out three different statistical tests. At first, we checked whether the distributions of the investigated angles (δ D , η and p) in each individual cluster were isotropic. In analyzing of the distribution of the two angles δ D , η it is possible to use galaxies of any orientation -including face-on galaxies. Therefore for analysis of the distribution of the angles δ D , and η all galaxies' members were considered. It is very difficult to determine in a precise manner the position angles for galaxies seen face-on and nearly face-on. Moreover, these angles can yield reliable information with respect to galaxy planes only for galaxies seen edge-on. Thus, in the study of the position angles distribution, 1 See (Flin & God lowski 1986) for detailed explanation, however please note that there is a printed error in formulae for S.
-8 -face -on and nearly face-on galaxies were excluded from the analysis. In this case galaxy's members with axial ratio b/a ≤ 0.75 were taken into consideration only.
In all applied statistical tests the entire range of the investigated θ angle (where for θ one can put δ D + π/2, η or p) is divided into n bins. We use n = 36 bins of equal width.
We repeated our analyses using also different values of bin's width; no significant difference appeared among results. The χ 2 test yields the critical value of 49.8 for 35 degrees of freedom (at the significance level α = 0.05).
If deviation from isotropy is a slowly varying function of the θ angle one can use the Fourier test (Hawley & Peebles 1975) :
where N k -the number of galaxies within k-th angular bin and as N 0,k -the expected number of galaxies per bin.
If theoretical probability function p k is uniform (i.e N 0,k are equal, as it is in the cases of the η and p angles) or symmetric with respect to the value θ = π/2 (i.e. with respect to value δ D = 0 in the case of δ D angle) we obtain the following expressions for the ∆ i1 coefficients:
with the standard deviation given by the expressions:
-9 -The probability that the amplitude
is greater than a certain chosen value is given by the formula:
with standard deviation of the amplitude:
In cases of testing η and p angles we can put = instead of ≈.
This test was originally introduced by Hawley & Peebles (1975) and substantially modified by God lowski (1993, 1994) . In the paper God lowski (1994) the case with higher
Fourier modes taken into account was discussed:
Amplitude ∆ it is now the function for all four ∆ ij coefficients. Generally, when we take into consideration both Fourier modes 2θ and 4θ , the formulas are complicated and this was discussed in details in God lowski (1994) 2 .
From the sign of ∆ 11 coefficient one can deduce the direction of departure from isotropy.
If ∆ 11 < 0, then the excess of the galaxies with θ angle near 90 o is observed. It indicates for example that in the case of the position angles (θ ≡ p) ∆ 11 < 0 means that the excess of galaxies with position angles near 90 o (parallel to main plane of the coordinate system) is observed. If ∆ 11 > 0 then the excess of objects with position angles perpendicular to the 2 However, please note that there is a printed error in God lowski (1994) . eq. 18 should have form:
-10 -main plane of the coordinate system is observed. Therefore, for ∆ 11 > 0 the rotation axis projections tends to be parallel to the main plane.
In the case of δ D angle the situation is more complicated. However, if we restrict our analysis only to the case of the absolute value of δ D angle, then we could neglect ∆ 21 and ∆ 22 coefficients, because they are equal to zero (see also (Flin & God lowski 1986; Aryal 2004 Aryal , 2005 Aryal , 2006 Aryal , 2007 ). In that case ∆ 1 is reduced to |∆ 11 |, while ∆, now denoted as ∆ c , is the function of coefficients ∆ 11 and ∆ 12 only. However, please note that ∆ 11 and ∆ 12 are not independent of each other (God lowski 1994).
We also performed the investigation of the linear regression given by y = aN +b counted for various parameters. These were carried out for each investigated angle separately.
We studied the linear regression between: the values of different statistics
∆/σ(∆) and the number of analyzed galaxies in each particular cluster. In the case of δ D , the values of statistics : χ 2 , |∆ 11 /σ(∆ 11 )|, ∆ c /σ(∆ c ) and the number of analyzed galaxies in each particular cluster were considered.
We assumed that the theoretical, uniform, random distribution contains the same number of objects as the observed one. Our null hypothesis H 0 is that the distribution is a random one. In such a case the statistics t = a/σ(a) has Student's distribution with u − 2 degrees of freedom, where u is the number of analyzed clusters. It means that we tested H 0 hypothesis that t = 0 against H 1 hypothesis that t > 0. In order to reject the H 0 hypothesis, the value of the observed statistics t should be greater than t cr . Our sample has 247 clusters. For this sample, at the significance level α = 0.05, the value t cr = 1.651, while for the sample of 97 clusters with known values of velocity dispersion, the value t cr = 1.660.
Similarly, using linear regression we looked for possible relations between the values of applied statistics: χ 2 , ∆ 1 /σ(∆ 1 ) and ∆/σ(∆) (or χ 2 , |∆ 11 /σ(∆ 11 )| and ∆ c /σ(∆ c ) in the case of δ D angle) and the BM type of each cluster. The linear regression between values -11 -of above mentioned statistics and velocity dispersion of galaxies inside cluster was also examined.
The linear regression analyses were performed independently for the sample containing all galaxies in the cluster area (sample A), as well as for the sample restricted to galaxies brighter than m 3 + 3 (sample B).
Results and discussion
We analyzed the distribution of three angles connected with the orientations of galaxies in the sample of 247 rich Abell clusters. The the distribution of the position angels, δ D angles and η angles for two previously investigated clusters A2721 and A2554 (Aryal 2007) were presented in the Fig.1 Our results are very similar to that obtained by Aryal (2007) i.e. isotropic distribution for position angles and spin vectors of galaxies tend to lie in the Local Supercluster plane. Also our result for η angles are similar to (Aryal 2007 ). Hovewer our interpretation seems to be a litle bit different -projection of the spin vectors of galaxies tends to be oriented in direction L = −45 o , not perpendicular with respect to the Virgo Cluster centre.
The dependencies on the values of the applied statistics used in our study and the cluster richness for three investigated angles: p, δ D , and η were shown on Fig.2-4 respectively. We studied the linear regression y = aN + b between the values of each statistics and three parameters, namely: the number of galaxies in cluster N, cluster morphological type BM and galaxy velocity dispersion σ(V ). The above calculations were performed separately for samples A and B, as well as for each tested for isotropy angle p, δ D and η. The values of the regression coefficients a and b, with its errors for each investigated case were collected in Table 1 (equatorial coordinate sysem) and Table 2 (supergalactic -12 -coordinate sysem). for position angle and cluster richness N. Fig.3 and Fig.4 present the same relations for δ D and η angles respectively. For the position angle p only the χ 2 test and only when we use the equatorial coordinates as a reference system statistics t = a/σ(a) = 1.67 is greater than t cr = 1.65 at the significance level α = 0.05. In equatorial cordinates, in the case of the δ D angle all applied statistics showed t > t cr . We obtained t = 3.11 in the case of y = χ 2 test, t = 2.35 for y = |∆ 11 /σ(∆ 11 )| and t = 3.26 for y = ∆ c /σ(∆ c ). The distribution of the η angle is even more anisotropic, because we obtained t = 6.0 in the case of y = χ 2 test and t = 3.83 and t = 5.50 in two remaining tests respectively. In supergalactic coordinates the picture is similar but the efect is much stronger than in the case of the equatorial coordinates. For restricted sample to galaxies brighter than m 3 + 3, anisotropy is even stronger when for the sample including all galaxies in the cluster area, as well as for the position angles even in the case of the Fourier test statistics t = a/σ(a) reached critical value t cr = 1.65. This results clearly confirm Godlowski et al. (2005) suggestion that the alignment of galaxies in clusters increased with the number of members in clusters.
We have found only weak correlation and only in the case of using supergalactic coordinates, between values of the analyzed statistics and BM type of the clusters.
We found a weak correlation between the values of the analyzed statistics and velocity dispersion σ(V ) for p angle and δ D angle. However, only for position angle and only in the case of Fourier test the value of the statistics t = a/σ(a) reached the critical value t cr = 1.66. Moreover, for supergalactic coordinates, we obtain negative dependence for angle δ D in the case of the Fourier test.
We also investigated the relation between the number of galaxies belonging to the cluster and BM type, the velocity dispersion of galaxies belonging to the cluster and -13 -cluster BM type, as well as between cluster richness and velocity dispersion (Fig5, Tab.3).
In Fig.5a we present the relation between the cluster richness and BM type. The values of statistics are smaller than t cr . It means, that we do not observe the relation between richness and BM type. Fig.5b shows the relation between velocity dispersion σ(V ) and BM type. In this case the value of statistics t = 2.99, which is greater than t cr , therefore we conclude that velocity dispersion decreases with BM type. This effect is almost at 3σ level.
In Fig. 5c the dependence on the cluster richness and the velocity dispersion is presented.
The value t = a/σ(a) = 1.31 in the case of p angle and t = 1.18, when considering the orientation of galaxy planes.
Conclusions
We analyzed the alignment of galaxies belonging to 247 Abell clusters containing at least 100 members. Using statistical tests we confirmed suggestion of Godlowski et al.
(2005) that non randomness of galaxy orientation in clusters increases significantly with the cluster richness. Such confirmation follows from the analyses of all three investigated angles δ D , η and p. These angles are connected with the orientation of galaxies and therefore with the distribution of galaxy angular momenta. The effect increases if we restricted the cluster membership to galaxies brighter than m 3 + 3, which suggest that this effect is really connected with clusters.
The observed dependency on the alignment of galaxies in clusters and richness of the cluster leads to the conclusion that angular momentum of the cluster increases with the mass of the structure. Usually this dependence is presented as empirical relation J ∼ M 5/3 (Wesson 1979 (Wesson , 1983 Carrasco 1982; Brosche 1986 ). The aim of this relation has been discussed for a long time. One of the first explanation was proposed by Muradyan (1975) in terms of the Ambarzumian's superdense cosmogony, while Mackrossan (1987) involved -14 -termodynamical consideration for its explanation. Wesson (1983) argued that this is a consequence of self similarity of Newtonian problem applied to rotating gravitationally bound systems. The relation was used for pointing out its possible role in the unification of the gravitation and particle physics (Wesson 1981) . Catelan & Theuns (1996) In our opinion the observed relation between the richness of galaxy cluster and the alignment is due to tidal torque, as suggested by Catelan & Theuns (1996) . Moreover, the analysis of the linear tidal torque theory is pointing in the same direction (Noh & Lee 2006a,b) . They noticed the connection of the alignment with the considered scale of structure.
We found a strong correlation between BM type and the velocity dispersion. The velocity dispersion decreases with BM type. We found only weak correlation between the alignment and BM type, claimed by Aryal and Saurer (Aryal 2004 (Aryal , 2005 (Aryal , 2006 (Aryal , 2007 .
Our sample of clusters is an order of magnitude greater than that one analyzed by them.
Moreover this weak correlation is found only in the case of using supergalactic coordinate system as the reference system. The correlation between the alignment and velocity dispersion of galaxies belonging to clusters was found by Plionis et al. (2003) . In our data this effect is statistically insignificant (it is at 1, 5σ level). Moreover, it is noted only in the case of A sample, not in B sample restricted to galaxies brighter than m 3 + 3. In -15 -PF Catalogue the position angles of brighter galaxies, which is the brightest member, the second, third and tenth brightest galaxy are distributed randomly (Panko et al. 2009) , while the present analysis of all galaxies in cluster shows an anisotropic distribution. If brighter galaxies are located more centrally, and dimmer ones are located outside rich clusters somewhere in the sheets and filaments in which clusters are embedded, then the discussed possible effects are environmental ones. When the distribution of dimmer galaxies in cluster follows that one for brighter galaxies, the appearance of the alignment in richer region can also be regarded as the environmental effect. Therefore, we concluded that the richness -alignment relation is of environmental origin. The performed analyses have shown that there are several clear as well as somewhat obscure relations between such parameters as:
the alignment of galaxies in clusters, the velocity dispersion, cluster BM type and density of galaxies in clusters. Further investigation in this direction should reveals the connection among these parameters, which should sheds light to formation and evolution of clusters.
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A. The list of investivated clusters
A list of the investigated clusters is given in Table 4 . The particular columns give the clues about: P F Number-the name of the each structure in Panko-Flin Catalogue, α and δ of the cluster center, N 0 -the number of galaxies in the field of structure, N 1 -the number of galaxies with b/a ≤ 0.75, Name-structure identification with (Abell et al. 1989 ). The last three columns gives the galaxies alignments (with respect to supergalactic coordinate system). We presented the results for supergalactic position angle P , polar angle δ D and azimuthal angle η. Bottom indexes 0 and ? denote isotropic distribution and situation that we can not decided if it's anisotropic or isotropic distribution, respectively.
For P and δ D angles index denotes that spin vector of galaxies tends to be parralel to supergalactic plane, while ⊥ index denotes that spin vector of galaxies is perpendicular to the supergalactic plane. For the η angle index denotes that projection of the spin vector to the supergalactic plane tends to be parralel to the direction connecting Galaxies with the Virgo Cluster (Supercluster center). The ց index denotes that in all cases we observed anisotropic distribution but no special direction of deviation from isotropy (especialy parallel or perpendicular) was found. 
